Using the SDSS DR7 spectroscopic catalog, we searched the WISE AllWISE catalog to investigate the occurrence of warm dust, as inferred from IR excesses, around field M dwarfs (dMs). We developed SDSS/WISE color selection criteria to identify 175 dMs (from 70,841) that show IR flux greater than typical dM photosphere levels at 12 and/or 22 µm, including seven new stars within the Orion OB1 footprint. We characterize the dust populations inferred from each IR excess, and investigate the possibility that these excesses could arise from ultracool binary companions by modeling combined SEDs. Our observed IR fluxes are greater than levels expected from ultracool companions (> 3σ). We also estimate that the probability the observed IR excesses are due to chance alignments with extragalactic sources is < 0.1%. Using SDSS spectra we measure surface gravity dependent features (K, Na, and CaH 3), and find < 15% of our sample indicate low surface gravities. Examining tracers of youth (Hα, UV fluxes, and Li absorption), we find < 3% of our sample appear young, indicating we are observing a population of field stars 1 Gyr, likely harboring circumstellar material. We investigate age-dependent properties probed by this sample, studying the disk fraction as a function of Galactic height. The fraction remains small and constant to |Z| ∼ 700 pc, and then drops, indicating little to no trend with age. Possible explanations for disks around field dMs include: 1) collisions of planetary bodies, 2) tidal disruption of planetary bodies, or 3) failed planet formation.
INTRODUCTION
Disks are an important part of stellar and planetary evolution, providing the building blocks for planetary systems around all types of stars. Since the discovery of a disk-like structure encircling the A0V star Vega (Aumann et al. 1984) , the study of circumstellar disks has expanded our understanding of stellar and planetary evolution. After its launch in 1983, the Infrared Astronomical Satellite (IRAS; Neugebauer et al. 1984) observed an unprecedented number of young stellar objects (YSOs), in addition to more evolved stars, akin to Vega, which were identified by their excess infrared (IR) fluxes (Zuckerman 2001) . For the first time, a diverse range of disks were characterized by their IR signatures (Lada 1987) , from pre-main sequence stars showing near-IR (NIR) excesses due to a hot shell of infalling material, to colder disks analogous to the Kuiper belt, showing far-IR (FIR) excess fluxes (e.g., Vega; Su et al. 2005) . The Spitzer Space Telescope (Werner et al. 2004) , launched in 2003, allowed for further characterization of disk populations, categorizing the transitional disk phase (Espaillat et al. 2014) , where IR gaps appear as signposts of planetary construction. The high sensitivity and long wavelength range (from 10 −4 mJy at 3.6 µm to 10 mJy at 160 µm) of Spitzer allowed for some of the most detailed studies of nearby star-forming regions to date (Williams & Cieza 2011 , and references therein).
As a successor to Spitzer, Herschel (Pilbratt et al. 2010 ) was able to probe even colder disk populations, with spectral energy distributions (SEDs) peaking between 55-670 µm, and at an unprecedented resolution. Studies using Herschel have investigated the properties ctheisse@bu.edu of cold debris disks (Eiroa et al. 2010; Greaves 2010; Acke et al. 2012; Eiroa et al. 2013) . Herschel was also able to measure a new class of cold debris disks, with temperatures of ∼22 K (Eiroa et al. 2011; Ertel et al. 2012; Krivov et al. 2013) . Although there is still some debate on whether these observed FIR excesses originate from cold circumstellar material versus Galactic contamination (Gáspár & Rieke 2014) , their existence demonstrates the sensitivity of Herschel.
While Spitzer and Herschel provided targeted IR observations, much of the sky remained void of IR observations. In 2011, The Wide-field Infrared Survey Explorer (WISE ; Wright et al. 2010 ) completed an all-sky IR survey, providing the ability to study the IR properties of field stars that are not members of stellar associations or young star-forming regions. The WISE observational strategy allows for a "blind" search for stars exhibiting IR excesses above their photospheres across the sky. WISE observations are currently helping to answer stellar and planetary evolution questions regarding the mechanisms responsible for disk dispersal, the detailed timescales on which they act, and how they differ with stellar mass (e.g., Avenhaus et al. 2012; Heng & Malik 2013) . M dwarfs, being the most populous (∼70% of the stellar population; Bochanski et al. 2010 ) and longest living stellar constituents (main sequence lifetimes ∼10 12 yrs; Laughlin et al. 1997) , offer a laboratory in which to study the statistical properties of our Galaxy. In addition, recent studies have shown that M dwarfs have high probabilities of harboring Earth-sized terrestrial planets (Howard et al. 2012; Swift et al. 2012; Dressing & Charbonneau 2013) , allowing studies to constrain the number of planetary systems within the Milky Way. However, despite huge advances in the study of circumstellar material over the past decade, the detailed process of planetary formation around low-mass stars ( 0.6M ⊙ ) still elicits questions regarding the massdependence of circumstellar disk evolution.
The earliest investigations of disks around low-mass stars used IRAS to detect signatures of cold dust (< 100 K) by identifying small 25 µm excesses around stars in young star-forming regions. Many of these detections were found to be false-positives (Zuckerman 2001; Song et al. 2002; Plavchan et al. 2005) , possibly due to the low spatial resolution of IRAS and consequent blending of background sources with target sources, or a detection threshold bias, leaving a dearth of low-mass stars with cold disks. One such study undertaken by Plavchan et al. (2005) investigated the paucity of cold disks around M dwarfs, using small mid-IR (MIR) excesses (> 10 µm) as a proxy, and postulated that rapid planet formation (Weinberger et al. 2004; Boss 2006) may be a cause for the dearth of cold disks around lowmass stars older than 10 Myr. However, recent studies have suggested that this deficiency is likely due to IRAS detection limits (Forbrich et al. 2008; Plavchan et al. 2009 ). Forbrich et al. (2008) used the Spitzer Multiband Imaging Photometer (MIPS; 24, 70, and 160 µm bands) to study NGC 2547, a cluster with an age of 30-40 Myr, and specifically targeted low-mass stars within the region. Using the FIR abilities of Spitzer, Forbrich et al. (2008) were able to increase the number of known M dwarfs with cold disks from six to fifteen, as inferred from their 24 µm excesses. In addition, Plavchan et al. (2009) completed Spitzer observations of 70 main sequence stars between ages of 8 Myr to 1.1 Gyr and found that small 24 µm excesses (∼10% above the expected photospheric flux), associated with cold disks, were common around young stars of all spectral types. Plavchan et al. (2009) also observed that large 70 µm excesses (≫ 100% above the expected photospheric flux) were more common around stars with T * > 5,000 K in the 200-500 Myr range than stars with T * < 5,000 K in the 8-50 Myr range. The discrepancy in 70 µm excesses may be due to higher-mass stars having larger, brighter photospheres, irradiating a larger portion of the disk. It is also probable that disks around higher mass stars are more massive due to the larger protostellar envelope from which they are formed (Plavchan et al. 2009 ). Another important consideration is observations at a specific wavelength probe different sections of the disk for different stellar temperatures (Kennedy & Kenyon 2009 ). The number of M dwarfs showing signs of dust is currently insufficient to properly address the questions of disk evolution and structure for the lowest mass stars.
The excess differences between hot and cool main sequence stars found by Plavchan et al. (2009) can be explained by invoking mass-dependent evolution of circumstellar disks.
Several studies have found that young star-forming regions (< 5 Myr) show drastically different fractions of stars exhibiting IR excesses above their photospheres as a function of spectral type Lada et al. 2006; Luhman et al. 2008; Carpenter et al. 2009; Luhman et al. 2010 ). Even regions of approximately similar ages showed significant differences in their disk fractions, possibly as a result of the density of stars within the region (e.g., open versus globular clusters; Luhman et al. 2008 Luhman et al. , 2010 . Other studies have pointed to metallicity playing a significant role in circumstellar disk evolution (Yasui et al. 2009 (Yasui et al. , 2010 . The planet-metallicity correlation (Gonzalez 1997; Laws et al. 2003; Fischer & Valenti 2005; Johnson et al. 2010; ) may imply that rapid formation of planets in these higher metallicity systems, could disperse the disk on faster timescales. These effects may be significant for M dwarfs, which are prone to low-mass planet formation (Swift et al. 2012; Dressing & Charbonneau 2013) . However, other studies have suggested that stellar metallicity does not correlate with the occurrence of Earth-sized terrestrial planets (Mayor et al. 2011; Buchhave et al. 2012) . Observations indicate that Earth-sized planets appear to be more common around M dwarfs than Jupiter-sized planets, suggestive that metallicity may not play a significant role in planet formation for the lowestmass stars (Dressing & Charbonneau 2013) . The link between metallicity, planet formation, and disk evolution around low-mass stars still requires further investigation.
In recent years, a new class of older stars ( 1 Gyr) exhibiting IR excess has been identified (Rhee et al. 2008; Moór et al. 2009; Fujiwara et al. 2010; Melis et al. 2010b; Weinberger et al. 2011) . These solar-type stars (FGK-spectral types) pose questions regarding our current understanding of disk evolution. One such star, BD +20 307, investigated by Weinberger et al. (2011) was found to have a large IR excess (L IR /L * ≈ 10 −2 ), speculated to have been caused by the collision of two planetary-sized bodies within the terrestrial zone. Such a phenomenon has not been observed around M dwarfs, presumably due to their intrinsic faintness coupled with the sensitivity limits of previous IR surveys (e.g., IRAS ). However, due to the extremely long lifetimes of M dwarfs (∼10 12 yrs), these stars give us the ability to study the long-term stability of planetary systems, and other possible evolutionary scenarios such as 2 nd generation planet formation (Melis et al. 2009 (Melis et al. , 2010a Perets 2010) .
One strategy to increase source detections, and hence statistics, is to increase the solid angle of sky surveyed and the spectral coverage of observations. With the advent of large-area and all-sky surveys, the capability to study statistically significant populations of field stars has recently become available. At optical wavelengths, the Sloan Digital Sky Survey (SDSS; York et al. 2000) has become invaluable in creating large catalogs of low-mass stars (Bochanski et al. 2010; West et al. 2011 ). In the NIR, the Two Micron All-Sky Survey (2MASS; Skrutskie et al. 2006 ) has been extremely useful in discovering hot dust populations (> 1,000 K), making up the "pre-transitional" disk phase of protostellar evolution (Espaillat et al. 2014) . The WISE mission recently completed an all-sky survey in the MIR. The all-sky nature and depth of WISE has made it possible to search for stars that exhibit infrared excesses and are not in young star-forming regions (e.g., Avenhaus et al. 2012; Kennedy & Wyatt 2012) . Together, SDSS, 2MASS, and now WISE provide photometric coverage over an extremely large solid-angle of sky, from the optical to MIR. These surveys have given astronomers the ability to search for low-mass objects in young star-forming regions (Dawson et al. 2012 ) and nearby young moving groups (NYMGs; Shkolnik et al. 2011) , study the statistical properties of our Galaxy Bochanski et al. 2010; West et al. 2008 West et al. , 2011 , and explore the optical and IR properties of vast numbers of sub-solar objects (Hawley et al. 2002; Kirkpatrick et al. 2011) . 2MASS and WISE are useful in constraining the effective temperature for low-mass stars, since their SEDs peak and turn over in the NIR.
A difficulty in searching for new, young, low-mass stars is the uncertainty in determining stellar ages. Many different methods are used to estimate ages for stars, including: 1) determining the lithium depletion boundary (Cargile et al. 2010) ; 2) using spectroscopic tracers such as sodium (Schlieder et al. 2012a) and Hα (West et al. 2008 ; 3) rotation and activity (Mohanty & Basri 2003; Reiners & Basri 2008) ; and 4) ultraviolet flux (Shkolnik et al. 2011; Schlieder et al. 2012b) . Each of these youth indicators has its caveats, including the fact that metallicity may affect lithium equivalent width measurements (Pinsonneault 1997) , or binarity may affect rotation and activity (Morgan et al. 2012 ). As such, it is important to test for multiple tracers of youth to definitively classify a star as young ( 100 Myr) versus old ( 1 Gyr). Age is an important parameter for stars exhibiting IR excess as it potentially helps to differentiate stars harboring primordial dust from 2 nd generation scenarios that create circumstellar material.
A limitation in the search for disks around low-mass stars has been the lack of a reliable input catalog. Widely used stellar catalogs have been biased towards bluer stars, due to the intrinsic faintness of M dwarfs and blue bias of previous filters (e.g., Hipparcos, Tycho-2, etc.) This study aims to increase the number of known M dwarfs with MIR excesses by combining data from SDSS, 2MASS, and WISE. We searched the WISE AllWISE source catalog for signs of IR excess around the M dwarf spectroscopic sample of West et al. (70,841 M dwarfs; . In §2 we outline our selection criteria for highprobability disk candidates from the sample compiled by West et al. (2011) , define SDSS and WISE color-color criteria for selecting M dwarfs with IR excesses, and address the issue of interstellar reddening. Combining SDSS, 2MASS, and WISE photometry, we create SEDs for our candidates in §3, and explore the possibility that our IR excesses could be due to an ultracool companion, Galactic IR cirrus, or extragalactic contamination. In §4 we characterize our stars and observed dust content by: 1) modeling the dust populations using idealized parameters ( §4.1), and 2) investigating a number of tracers for activity, surface gravity, and accretion as proxies for youth ( §4.2). We also briefly discuss stars of interest at the end of §4. A discussion of our sample and possible interpretations and scenarios for circumstellar material around field dwarfs follows in §5. Lastly, in §6 we summarize our findings.
DATA
To construct SEDs and identify stars with excess IR flux requires data over a large wavelength regime, from the optical to the MIR. Additionally, spectroscopic data can be used to determine stellar parameters ( §3) and youth diagnostics ( §4.2). To obtain data over the wavelength coverage needed, we combined data sets from SDSS, 2MASS, and WISE.
SDSS has played an integral role in the statistical study of large stellar populations, specifically low-mass stars. The magnitude limits of SDSS allow the survey to probe M dwarfs out to distances > 1,000 pc, yielding vast photometric catalogs of M dwarfs (> 30 million; Bochanski et al. 2010) . In addition, the medium resolution (R ≈ 1,800) spectroscopic pipeline for SDSS has produced prodigious spectroscopic samples of M dwarfs (West et al. 2008 . W11 used SDSS Data Release 7 (DR7; Abazajian et al. 2009 ) to compile a spectroscopic catalog of 70,841 M dwarfs. All of the stars were visually spectral typed using the Hammer IDL routine (Covey et al. 2007 ). We also measured radial velocities (RVs) using a cross-correlation-like program, a Python version of the xcorl.pro IDL procedure (Mohanty & Basri 2003; West & Basri 2009 ), comparing each spectrum with the appropriate M dwarf template (Bochanski et al. 2007b ). This method yields typical uncertainties of ∼7 km s −1 (Bochanski et al. 2007b) .
NIR and MIR data were obtained from the 2MASS point source catalog (Skrutskie et al. 2006) and WISE AllWISE source catalog (Wright et al. 2010; Mainzer et al. 2011) , respectively. 2MASS provides fullsky coverage in three NIR bands (J: 1.25, H: 1.65, and K s : 2.17 µm). The SEDs of M dwarfs peak in the NIR, thus, 2MASS photometry is especially critical in constraining the stellar effective temperature. In addition, 2MASS provides quality flags, useful to W11 in building the spectroscopic catalog and to this study, for ensuring point-source (gal contam), high-quality photometry (rd flg & cc flag). We required these quality flags for our own cuts outlined below.
In 2009, NASA launched WISE with the mission of completing an all-sky survey in four MIR bands (Wright et al. 2010) . These bands were centered at 3.4, 4.6, 12, and 22 µm, hereafter referred to as W 1, W 2, W 3, and W 4, respectively. WISE is the most sensitive all-sky MIR survey to date, surpassing IRAS, and the recent survey completed by AKARI (Murakami et al. 2007 ) in 2007. W 1, W 2, W 3, and W 4 have angular resolutions of 6.1 ′′ , 6.4 ′′ , 6.5 ′′ , and 12 ′′ , and 5σ point source sensitivities of 0.068, 0.098, 0.86 and 5.4 mJy, respectively. WISE bands, specifically the 12 and 22 µm, probe the wavelength regime where warm (T ∼ 30-300 K) dust populations peak in the observed SED. The WISE photometric pipeline also provides a number of quality flags useful in selecting point sources including the contamination and confusion flag (cc flag), and extended source flag (ext flag).
Sample Selection
Starting with the W11 catalog of 70,841 spectroscopically confirmed M dwarfs, we selected a sample of stars showing IR excesses above their photospheres starting with the following selection process (cuts 4, 5, and 6 were taken from the WISE Explanatory Supplement 1 ; the number of stars left after each cut is given in parenthesis at the end of each selection criterion): we obtained all DR7 primary photometric objects within 6 ′′ of our stars (to match the W 4 beam) and kept only stars did not have another primary photometric object within a 6 ′′ radius. We applied the same criteria to stars with another 2MASS photometric object within 6 ′′ (n 2mass < 2) 4 . (57,544 stars) 3. We required high-quality photometry from the optical through the NIR. To achieve this, we kept only stars with reliable SDSS photometry as determined in W11 (goodphot = 1 5 ), and photometry in all three 2MASS bands. (43,253 stars) 4. We kept only stars with source morphology that was consistent with a single point-spread function (PSF) in WISE (ext flag = 0). (42,892 stars)
5. Stars without a contamination and confusion flag in W 3 (cc flag = 0) were kept. This removed sources that could be due to diffraction spikes or scattered light from a nearby bright source. We did not require this for W 1 or W 2 since these bands were not used for our SED fitting, and we were most concerned with real excesses at 12 µm.
(42,632 stars) 6. Stars that had a signal-to-noise (S/N) ratio (SNR) ≥ 3 in W 1, W 2, or W 3 were included. Due to the distances to stars in the W11 catalog (100-2,000 pc), we expect real excesses to be faint, therefore we chose this S/N to be as inclusive as possible. An IR excess may also be observed in W 4, however, as this was the shallowest WISE band, we did not require a minimum W 4 S/N. We will discuss 22 µm excesses in our sample in §2.1.1. (2,698 stars) 7. Although the M giant contamination rate for the W11 catalog was estimated to be less than 0.5%, we removed potential dusty giants from our sample. Using the results from Bessell & Brett (1988) we assumed any star with a J − H > 0.8 has a significant probability of being an M giant. We kept stars: 1) that had J − H ≤ 0.8; or 2) that had J − H > 0.8 and whose total USNO-B proper motions were greater than the total uncertainty (µ tot > σ µtot ) and whose total proper motions were not zero (µ tot = 0). (2,665 stars)
These initial selection criteria reduced the sample size to 2,665 stars with reliable photometry in SDSS through W 3 bands and no source confusion or contamination. We investigated other possible explanations for IR excesses around field dwarfs, specifically an ultracool companion or galactic/extragalactic contamination sources. We explore the likelihood of our IR excesses being attributable to these interlopers in §3.1 and §3.2, respectively.
2.1.1. Identifying the Disk Candidates Avenhaus et al. (2012, hereafter A12) used low-mass stars from the RECONS 100 nearest star systems 6 (Jao et al. 2005; Henry et al. 2006) to search for MIR excesses around K and M dwarfs using WISE. This nearby sample offered high S/N WISE observations, as well as accurate parallax measurements and absolute magnitudes. Although A12 did not find any MIR excesses, presumably due to the older age of the nearby stellar sample ( 30 Myrs), they were able to determine typical MIR colors for K and M dwarfs. The A12 excess criteria require absolute magnitudes as a proxy for stellar effective temperature, hence distances are required. Our sample has photometric distances, with typical uncertainties of ∼20%, originally computed by W11 using the photometric parallax polynomials from Bochanski et al. (2010) , and then dust-corrected by Jones et al. (2011) , we use the dust-corrected of these distances in our analysis.
A12 defined their metric of IR excess significance as
where e is the deviation from the A12 polynomial, σ is the WISE measurement error, and χ 2 is the overall goodness-of-fit for the A12 color-magnitude relationship. Using the M W 1 -SpT excess criteria of A12, we found that 480 of the 2,665 stars from our initial cuts showed significant IR excess (≥ 5σ ′ ) in their W 1−W 3 color, as shown in Figure 1 . Visual inspection of these 480 stars in SDSS gri composite images 7 and spectra showed that 171 of the 480 candidate stars were contaminated by nearby galaxies or bright sources, or were misclassified, appearing spectroscopically as either galaxies or K dwarfs. This visual inspection left 309 remaining candidate stars. An example of stars kept versus stars that were removed due to contamination is shown in Figure 2 .
One complication with using absolute magnitude as a temperature proxy is that pre-main sequence stars will appear as earlier spectral types (than their main sequence counterparts at the same mass) due to their larger photospheres. A12 discovered that V − K s was a much better discriminator for T eff . The SDSS, r − z color has been shown to be a reliable proxy for stellar effective temperature (e.g., Bochanski et al. 2010 Bochanski et al. , 2011 . To overcome the limitations of using the A12 absolute magnitude polynomials, we examined r − z color as a function of WISE colors for the 309 remaining stars in our sample, and the stars not exhibiting WISE excesses (< 5σ ′ ). We computed r − z polynomials, similar to the methods A12 used for V − K s color. In r − z space, two # stars Figure 1 . WISE Color-magnitude plot for the stars that made our initial cuts but prior to visual inspection (480 excess and 2,185 non-excess stars). The A12 polynomial is plotted (black line), along with the distribution of excess significance as determined by the A12 criteria. Stars ≥ 5σ ′ (defined in A12) are plotted as red stars with circles, representing the disk candidates. Stars below the 5σ ′ limit are plotted in blue stars. The overlap region is due to excess candidates (≥ 5σ ′ ) with small WISE measurement uncertainties, and non-candidates (< 5σ ′ ) with large uncertainties. The inset plot shows the histogram of excess significances (σ ′ ) as defined in A12.
distinct populations become apparent at W 1 − W 3 ≈ 1.5 and W 2 − W 3 ≈ 1, as is shown in Figure 3 . Using these criteria as WISE color cuts, we kept only stars that fell below the two previously stated colors for computing r−z polynomials, giving us 2,209 and 2,042 stars for each cut, respectively. A12 used a sigma-clipping method to derive their fourth order polynomials of the form,
where p is the effective temperature proxy used, in our case r − z color. We chose to implement a Bayesian framework to compute our fourth order polynomial. To estimate each coefficient for our polynomial we used emcee 8 (Foreman-Mackey et al. 2013 ), a Python implementation of the affine-invariant Markov Chain Monte Carlo (MCMC) ensemble sampler (Goodman & Weare 2010) . Our coefficients, taken as the 5 th percentile values from emcee, are listed in Table 1 and the polynomials are shown in SDSS and WISE color-color space in Figure 3 . Using the same definition for σ ′ , we recomputed values for our sample and kept only stars with σ ′ ≥ 5. After these cuts we were left with 300 stars showing excess flux at 12 µm.
Any color selection criterion omitting W 4 has the possibility of excluding stars with cold dust populations that peak at wavelengths longer than 12 µm. Therefore, we examined all stars with a SNR W 4 ≥ 3 prior to exclusion. We did not have enough stars with high S/N W 4 measurements to recompute polynomials using r − z color for excess W 4 detections. Instead, we used the A12 polynomials for W 1 − W 4 and W 3 − W 4 and found that all 13 stars with a SNR W 4 ≥ 3 exhibited levels of MIR flux far greater than estimated photospheric levels (≫ 5σ ′ ). Every star that showed an excess at 22 µm also showed an excess at 12 µm.
As a final quality check we inspected each candidate within the WISE image archives. For each candidate, we assigned a quality flag, defined in Table 2 , with quality = 1 representing the highest quality candidates and quality = 4 representing the lowest quality candidates. These quality flags are available in the online catalog under the heading 'quality'. We will refer to this sample of 175 disk candidates as the "combined sample" throughout this study. Figure 4 shows the WISE color-magnitude diagram for our candidates stars showing IR excesses, and also nearby K-and M-type dwarfs (Reid & Gizis 1997; Reid et al. 2004 Reid et al. , 2007 , a statistically older population of stars without known disks. The A12 polynomial describing the main sequence is over plotted (blue solid line). The population of nearby stars distinctly follows the A12 polynomials.
If we assume that for a given r − z color the spread of intrinsic W 1 − W 3 color for the non-IR excess stellar population follows a symmetric distribution, then it is possible that some of our candidates are false-positives within the red tail of the distribution. Assuming that WISE should have been able to achieve 5σ sensitivity in W 3 for any star with J ≤ 17 (∼0.177 mJy) in the W11 catalog (57,339 stars), then we expect less than one false positive at σ ′ = 5. Most of the stars in both our samples are well above the 5σ ′ level, therefore we expect all of our candidates to exhibit real excesses not attributable to intrinsic photospheric levels. We list the excess signif- 
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Figure 2. Images in SDSS (gri composite), 2MASS J, and WISE (3.4, 4.6, 12, and 22 µm, respectively) centered on the 3.4 µm source; each image is 1 ′ × 1 ′ . Top row: Example of an object that was included in our combined sample with quality = 1. Second row: Example of an object that was included in our combined sample with quality = 2. Third row: Example of a star that was not included in our sample due to superposition of a galaxy in SDSS. Bottom row: Example of a star that was not included in our sample due to crowding. icances (σ ′ ) in Table 3 and in the online catalog. Coordinates, distances, and spectral types are listed in Table 3 . One of our stars was re-spectral typed from an M9 to an L0 in Schmidt et al. (2010) , however, we chose not to remove this star from our sample. The distributions of spectral types, distances, and height above the Galactic plane are shown in Figure 5 . Galactic heights were estimated following Bochanski et al. (2010) with R ⊙ = 8.5 kpc (Kerr & Lynden-Bell 1986) and Z ⊙ = 15 pc above the Galactic plane (Cohen 1995; Ng et al. 1997; Binney et al. 1997) . The majority of stars in our samples are found within 500 pc from the Galactic plane. In Figure 6 we show the locations and distances of the sample plotted over a dust map, created using data from the Cosmic Microwave Background Explorer (COBE; Boggess et al. 1992 , and references therein) and IRAS (Schlegel et al. 1998) . We have seven candidate stars within the footprint of the Orion OB1 association (Warren & Hesser 1977) . Although there appears to be structure in Figure 6 , this is due to the SDSS sky coverage which is observed in wide 2.5
• stripes, and all our candidates are spread throughout the SDSS DR7 footprint 9 . To test for additional spatial structure among our candidates, we wrote a simple friends-of-friends algorithm (FoF; Huchra & Geller 1982) . We used the most general method for finding groups and used a distance discriminator to determine if two stars were "friends," arbitrarily choosing a critical length scale of 10 pc. The size is somewhat arbitrary depending on whether members make up: 1) a cluster, in which case members will be closely grouped in position; or 2) a moving group, in which case members will be closely grouped in velocity space. We only tested for spatial structure corresponding to the distribution of candidates throughout the Galaxy. Using 3-dimensional position vectors, made by combining photometric parallax distances and the positions of our stars, we were able to group stars together by their positions within the Galaxy. With our method we found two stellar groupings (available in the online catalog), one of which was centered on Orion. Neither of these stellar groupings appeared to have significantly similar kinematics (kinematics computed in §4.3), and are likely not members of a moving group.
2.2. Interstellar Reddening The interstellar medium (ISM) contains varying amounts of dust, which affect observations depending on their line-of-sight (LOS) by absorbing or scattering background light. These effects "redden" or "extinct" observed fluxes, and are most significant at short wave- . WISE color-magnitude diagrams. Disk candidates from this study (pluses) and the nearby K and M dwarfs (squares; Reid & Gizis 1997; Reid et al. 2004 Reid et al. , 2007 are shown. Only stars with SNR W 4 ≥ 3 and cc flags W 4 = 0 were used in the W 1 − W 4 and W 3 − W 4 plots (red pluses). Overplotted are the main sequence color polynomials from A12 (solid lines). Both populations are well separated indicating that the vast majority of these stars likely harbor dust populations. Even if distance errors were as large as 50%, which would move the points to the left/right on each plot, the excesses we observe would still be statistically significant.
lengths, falling off in the MIR (e.g., Fitzpatrick 1999) . For stars within ∼50 pc, extinction effects can typically be ignored due to the lack of dust within the local bubble (Lallement et al. 2003) . Due to the distances to the stars in this study, effects from interstellar extinction may be significant and should be accounted for.
To correct for the effects of dust, Schlegel et al. (1998) created dust maps by measuring galactic extinction using COBE and IRAS. Although SDSS provides extinction estimates for photometric sources using these maps, caution must be taken due to the fact that the Schlegel et al. (1998) dust maps estimate the total extinction along a LOS out of the Galaxy. SDSS stars at distances of hundreds of parsecs might have their fluxes reduced by only a fraction of the total extinction measured in these maps, requiring us to estimate extinction not only along a LOS, but as a function of distance. Extinction effects due to circumstellar dust are also possible if these are pre-main sequence stars. However, extinction due to circumstellar dust will only have a significant effect if the star is a protostar (< 1 Myr) and still harbors an infalling envelope, or the disk is seen edge-on (for a more detailed explanation see Hartmann 1998) . Measured extinction effects cannot be reliably attributed to interstellar mate- Note. -Values listed only for stars with SNRW 4 ≥ 3. Values for the entire sample from this study are available online. a Determined in West et al. (2011) . b Photometric distances have typical uncertainties of ∼20% (Bochanski et al. 2010; Jones et al. 2011 ). c Measured in Jones et al. (2011) . d Adopted parameters from Jones et al. (2011) measurements. e σ ′ values from A12. These represent the IR excess significance in two WISE bands.
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Spectral Type rial or a circumstellar disk, since the effect is cumulative for all sources of extinction. For the purposes of this paper, we assume the disk material to be optically thin at all observed wavelengths since none of our stars are protostars. Jones et al. (2011, hereafter J11) measured the total interstellar extinction, A V , and the ratio of total extinction to reddening, R V , for the W11 catalog. This was done by comparing the spectra for each star in the W11 catalog to high S/N SDSS spectra for nearby M dwarfs at low or zero extinction lines-of-sight. Using the A V and R V values from J11, along with relative extinction A λ /A V , the ratio of extinction in a given bandpass to extinction in the V -band, measurements from the Asiago Database (Moro & Munari 2000; Fiorucci & Munari 2003) , we calculated the extinction for each SDSS, 2MASS, and WISE photometric band. V -band extinction is commonly used for relative extinction values in the optical due to extinction laws being expressed in terms of A V and R V . The Asiago Database contains measured relative extinction values for the SDSS and 2MASS photometric systems (e.g., A r /A V , A Ks /A V , etc.) using the Fitzpatrick (1999) extinction law. To estimate relative extinction values for the SDSS and 2MASS photometric systems, bandpass response curves were convolved over a model M-spectral type photosphere to determine the relative extinction for each bandpass (for more details see Moro & Munari 2000; Fiorucci & Munari 2003) . These relative extinction measurements for the SDSS and 2MASS bandpasses allowed us to estimate specific bandpass extinctions using the A V values from J11 (e.g.,
For W 1 and W 2, we used relative extinction A λ /A K measurements for Spitzer 's Infrared Array Camera (IRAC; Fazio et al. 2004 ) channel 1 (3.6 µm) and channel 2 (4.5 µm) from Indebetouw et al. (2005) , which are analogous to W 1 and W 2 (D. P. Clemens, personal communication). For wavelengths longer than 5 µm the extinction curve begins to flatten, and we assumed equal extinction values for W 2, W 3, and W 4. The extinction parameters used for this study are listed in Table 4 . Extinction corrected photometry is included in the online catalog. The majority of our sample (∼90%) had relatively small amounts of extinction (A V ≤ 0. Distance (pc) Figure 6 . Galactic coordinates and distances of disk candidates from this study. Stars are color-coded by distance. The points are plotted on the IRAS /COBE 100 µm dust map (Schlegel et al. 1998) . 94% 2.3. Flux Conversions from Magnitudes Flux densities for SDSS asinh AB magnitudes were computed following the methods outlined in the DR7 flux calibration primer 10 . 2MASS Vega magnitudes were converted to flux densities following the steps outlined in the explanatory documentation 11 . WISE Vega magnitudes were converted to flux densities following the allsky explanatory supplement 12 , assuming a spectral slope of −2 (F ν ∼ ν −2 ). For extremely red sources (e.g., ultraluminous infrared galaxies), it was found that W 4 overestimated fluxes by ∼10% since the stellar sources used to photometrically calibrate WISE were significantly bluer in comparison (e.g., A-K dwarfs and K/M giants). Since we expect warm dust to mimic an extremely red source, we applied flux corrections to W 4, reducing measured fluxes by 10%. It is also expected that red sources should have their W 3 fluxes underestimated by ∼10%, however, we chose not to apply this correction since the shape of the SED at W 3 is not known a priori.
EVALUATING THE DISK CANDIDATES
To properly characterize the dust content for each star, we first estimated the expected flux of the star using model stellar photospheres. We used a pre-computed grid of BT-Settl models (Allard et al. 2012b,a) , computed with the PHEONIX atmosphere code (Hauschildt et al. 1999; Allard et al. 2001) , to determine stellar photospheric flux with which to fit optical and NIR photometry. For each star, we used grids spanning T eff between ±1,000 K of nominal values, determined by using spectral types from W11 and T eff values from Reid & Hawley (2005) , in increments of 100 K. The other parameters spanned by the grids were log(g) in the range [0.5, 6 .0] in increments of 0.5 dex, and metallicity [M/H] in the range [−2.5, 0.5] in increments of 0.5 dex. All of the observed photometry was color-corrected for extinction effects ( §2.2).
To fit the stellar photosphere models to our photometry, we computed a χ 2 minimization as a function of the effective temperature, surface gravity, and metallicity. We performed two separate fits, one to the photometry and one to the SDSS spectrum. We gave equal weights to both the photometric and spectral fits because we found that separate fits typically agreed to within ±100 K. The SDSS spectra were radial velocity and extinction corrected using J11 extinction values ( §2.2) and the extinction law from Fitzpatrick (1999) prior to fitting. The spectrum and model photosphere were normalized to their values at 7500Å. The model photosphere was then resampled to SDSS wavelengths while conserving flux using the Python package Pysynphot 13 . For the photometric fit, the modeled photospheric flux was integrated over the ugriz and JHK s relative spectral response curves (RSRs) to produce synthetic magni- Table 4 Adopted Reddening Parameters a Adopted RV was based on measurements from J11: RV = 2.1 for 0 < RV J11 < 2.5; RV = 3.1 for 2.5 ≤ RV J11 < 4; RV = 5 for 4 ≤ RV J11 < 10. tudes, which we matched to our observed photometry for the χ 2 minimization. WISE bands were omitted due to expected deviations from the stellar photosphere in W 3 and W 4 and possible deviations in W 1 and W 2 for pretransitional disk structures (Espaillat et al. 2007 (Espaillat et al. , 2011 . The 2MASS RSRs were taken from Cohen et al. (2003) , WISE RSRs from Wright et al. (2010) , and SDSS RSRs from Doi et al. (2010) . All RSRs were normalized to unity at the peak value of each band. Each photometric band was weighted by the inverse variance of the photometric values. Synthetic measurements were normalized to the observed K s magnitude for fitting. The results of our fitting method can be seen in Figure 7 . The average errors in our fits were σ T eff < 200 K, σ [M/H] < 1, and σ log(g) < 1.
The primary purpose of our stellar model fits was to estimate the stellar SEDs and ascertain the amount of excess IR flux, and not to derive robust fundamental stellar parameters. The shape of the SED is dependent primarily on the stellar effective temperature (T eff ), and less so on the metallicity or surface gravity. Allowing all three parameters to float gave us better estimates on T eff and the uncertainty in our fit. The best-fit T eff for our candidates are listed in Table 5 , and we include all model parameters and chi-squared values in the online catalog. There is one clear outlier in the M4 spectral type bin, possibly due to enlarged photospheres owing to a young age. This star will be discussed further in §4.6.1.
For completeness, we also include the traditional χ metric for measuring excesses in the IR defined as,
where F λ is the observed flux at wavelength λ, F * ,λ is the expected stellar flux at wavelength λ, and σ λ is the uncertainty in the measurement at wavelength λ. This method depends only on estimating T eff , which our above process was able to do within a few hundred kelvin for most of our stars (e.g., see Figure 13 ). Within our combined sample, all stars were found to have χ 12 > 2, and every star with a SNR W 4 ≥ 3 had χ 22 > 3. We chose not to remove any candidates with χ 12 ≤ 3 from our sample as these stars all had higher significances using the method of A12 ( §2.1.1), which is a purely empirical method that does not depend on stellar models. These values are included in the online catalog, along with flux densities for WISE observations and expected stellar photospheric levels.
3.1. Binarity We investigated the possibility that the IR excesses in our stars are due to ultracool companions. To estimate Figure 7 . Best fit parameters from our SED fitting method as a function of spectral type for our combined sample. The majority of stars appear to follow the expected trends for temperature, luminosity, and radius. The outlier in the M4 spectral type (marked by its candidate number) will be discussed in §4.6.1.
the expected observational signature of ultracool companions, we created combined SEDs for low-mass binaries. To properly scale the photospheric flux density for the M dwarf and the ultracool companion, we used the luminosity-T eff relations from Reid & Hawley (2005) for M dwarfs, and the maximum values from Baraffe et al. (2003) for ultracool companions. To scale the model flux density to an observed flux density, we integrated the flux Table 5 Model Parameters Mohanty et al. (2010) . density for each model (star and companion), and scaled the flux density to the expected luminosity from the literature at an arbitrary distance. The distance falls out of the equation due to the fact that we compute ratios of fluxes densities over integrated bandpasses. Mathematically, this is shown as:
where C is the constant used to scale the luminosity with effective temperature (or spectral type) taken from Reid & Hawley (2005) and Burrows et al. (1997) , d is an arbitrary distance, B λ is the blackbody flux density at the effective temperature of the star or ultracool companion, and F λ,model is the model flux density. We used solar metallicity for both the M dwarf and ultracool companion, log(g) = 5 for the ultracool companion, and log(g) = 3 & 5 for the M dwarf to produce a range of values. After scaling each photospheric flux density, we co-added the models and performed synthetic photometry on the combined model to produce flux ratios using the zK s W 1-bands relative to the W 3-band. We then used these synthetic flux density ratios to compare against our observed flux density ratios and determine if any of our excesses could be explained by an ultracool companion. Our model values are shown in Figure 8 . Although two of our candidates fell within the range of harboring an ultracool companion in the F z /F W 3 ratio, they did not meet the threshold in other flux ratios, indicating that their excesses are likely not originating from a companion. Focusing on the F W 1 /F W 3 ratios, we find that all of our sources have IR excesses much larger than those attributable to an ultracool companion by ≫ 3σ. To test the sensitivity of our model, we applied our method to a known dM+ultracool binary (M9/T5) from Burgasser et al. (2012) , and found that our method effectively detected this low-mass binary within the uncertainties (also shown in Figure 8 ).
Galactic and Extragalactic Contamination
Recent studies of cold disk populations (T ≈ 22 K) using Herschel have investigated the possibility that detections of IR excess may be due to IR cirrus/Galactic background or extragalactic contamination (e.g., Eiroa et al. 2011; Krivov et al. 2013; Gáspár & Rieke 2014) . To ensure our excesses are not simply chance alignments of background objects, we must consider and account for both Galactic and extragalactic sources of contamination.
Galactic Background Contamination
Kennedy & Wyatt (2012, hereafter KW12) investigated WISE excesses for stars in the Kepler field-of-view (FOV). Due to the close proximity of the Kepler FOV to the Galactic plane, KW12 found a considerable gradient in the number of stars exhibiting W 3 excesses as a function of distance from the plane, with larger excess source counts closer to the Galactic plane. They attributed this gradient to higher levels of background contamination closer to the Galactic plane, where the ISM has a higher density. Using the Improved Processing of the IRAS Survey (IRIS; Miville-Deschênes & Lagache 2005) 100 µm maps 14 , KW12 determined empirically that stars within a 100 µm background level greater than 5 MJy steradian −1 were prone to Galactic contamination. A major concern of KW12 was that the WISE estimated background level (w3sky) was smooth and did not trace the clumping of the W 3 excesses seen within the Kepler FOV. KW12 used the WISE all-sky source catalog, which has been found to underestimate the background For the M dwarf, we considered two separate surface gravities, represented by the solid (log(g) = 5) and dashed lines (log(g) = 3). Stars from our combined sample are plotted (gray circles), with error bars representing the 3σ limits. Stars that fall below the model lines have more 12 µm flux than the binary case, and thus an IR excesses larger than can be attributed to an ultracool companion. In the W1/W3 flux ratio, all of the stars exceed the IR excess flux attributable to an ultracool companion at > 3σ confidence. Also plotted is the low-mass binary (M9/T5; magenta square) from Burgasser et al. (2012) . Our model is able to reproduce this binary within its 3σ uncertainty. level in W 2, W 3, and W 4 15 , and hence overestimate the measured flux in these bands for the source 16 . The All-WISE source catalog used for our study employs a new method to estimate background noise levels, reducing the number of overestimated flux measurements in W 2, W 3, and W 4.
The majority of W11 stars were sampled at high Galactic latitudes, however, there were a few areas sampled close to the Galactic plane. To test for contamination we used the IRIS 100 µm maps to determine the background levels for our stars. We found that the majority of stars fell below the KW12 cut of 5 MJy steradian −1 , as shown in Figure 9 . Most of the candidates with a background level higher than 5 MJy steradian −1 were found in Orion, which we expect to have a high background. Overall, we do not find an overabundance of sources within areas of high background flux, as seen by KW12. This indicates that the AllWISE source catalog has a robust method for determining background noise levels, significantly reducing the number of false positive excess sources within the catalog. We conclude that our observed excesses do not originate from Galactic background contamination, and did not to remove any candidates falling within regions of high 100 µm IRIS fluxes.
Extragalactic Contamination
Due to the large FWHM of the WISE 12 µm (6.5 ′′ ) and 22 µm (12 ′′ ) PSFs, contamination through chance alignment with an extragalactic source is a serious concern and must be addressed. A chance alignment with an object that is bright in the IR, but obscured in the optical (e.g., ultra-luminous infrared galaxies) could contribute large amounts of IR flux. We used two different methods to test the likelihood of such a chance alignment. The WISE photometric pipeline departs from classical photometric methods by performing profile-fit photometry simultaneously across all bands 17 . This method is expected to detect fainter sources, and reduce confusion. However, without correlating extracted source positions between each band, there is a contamination risk from a background source that was faint at 3.4 and 4.6 µm, but relatively bright at 12 and/or 22 µm.
We chose to employ a more traditional source detection technique by acquiring WISE archive images and performing source extraction via SExtractor (Bertin & Arnouts 1996) . For sources that are detectable in W 1, W 2, and W 3 bands, we expect small offsets between their extracted positions within each separate band since they have similar PSF FWHMs (6.1 ′′ , 6.4 ′′ , and 6.5 ′′ , respectively), and the astrometric precision of WISE is typically 0.5 ′′18 . We obtained 10 ′ × 10 ′ images in 3.4, 4.6, and 12 µm from the WISE image archives 19 . We used a setup of SExtractor, optimized for WISE images 20 , on each WISE band separately. We compared the positions of sources extracted using SExtractor in the 3.4, 4.6, and 12 µm bands, using the closest extracted source to our expected source position based on the astrometry within the calibrated WISE FITS header. We fit the core of the offset distributions (R.A. and Dec.) and found for the 3.4/4.6 µm offsets, each distribution had µ ≈ 0 and σ ≈ 1 ′′ , and the 3.4/12 µm offsets had µ ≈ 0 and σ ≈ 5 ′′ . Sources that had offsets > 1 ′′ in the 3.4/4.6 µm comparison failed extraction at 4.6 µm; these sources were found to have nearby bright sources as well as faint source detections, likely confusing SExtractor. Examples of objects that failed detection at 4.6 µm are shown in Figure 10 . Figure 11 shows Figure 11. Difference in positions between sources extracted from the 3.4 and 12 µm bands for our sample (black) and the subsample of SDSS DR10 quasars (red). The best-fit normal distribution to our sample is plotted in gray (distribution parameters listed). For both distributions (stars and QSOs), there is a discrepancy between the 3.4 µm and 12 µm source positions for many of the sources extracted by SExtractor (see text).
comparing the 3.4/12 µm source positions. To test if this scatter is intrinsically due to the precision of WISE astrometry or a sign of contamination, we compared it against a subsample of SDSS DR10 quasars (166,583 quasars; Pâris et al. 2014) , extragalactic objects that are bright and remain stationary on the sky. Following step #2 & #6 from §2.1, we used only quasars that did not have another SDSS DR10 object within 6 ′′ . We also chose only quasars at high Galactic latitudes (b ≥ 77
• ) to reduce contamination from stellar sources. Lastly, we chose quasars with a similar W 3 SNR distribution to our candidates, which were found primarily between 3 ≤ SNR W 3 ≤ 5. Our final subset consisted of 304 quasars. We then followed the above procedure by obtaining 10 ′ × 10 ′ images in 3.4, 4.6, and 12 µm from WISE and performed source extraction via SExtractor. As shown in Figure 11 , we found a similar offset distributions for our subsample of quasars compared to our candidate disk stars (a K-S test gives p-value R.A. = 0.25 and p-value Dec. = 0.16). The long tails of the distributions to higher offsets ( 10 ′′ ) mark objects where SExtrac-tor failed to extract a source near our source position, and instead selected the closest extractable source. We include extracted position offsets in the online catalog. It is likely that SExtractor failed to extract our sources due to the low S/N threshold. We do not expect this to be a limitation to the WISE pipeline, where the PSF is well characterized and the images are coadded, and the WISE passive deblending method should be more reliable than SExtractor deblending. Further investigation is required into the WISE pipeline to determine if source extraction from coadded images can be improved to include probabilities that each flux measurement is attributable to the same object in each band. The similarity of the quasar and disk candidate source position distributions likely implies a limitation to source extraction via SExtractor rather than a discrepancy in source position as all candidates were visually verified.
To further investigate the possibility of chance alignments, we estimated the extragalactic source density that might contaminate our fields. Recently, Yan et al. (2013) estimated the number of WISE extragalactic sources with S/N W 3 ≥ 3, at Galactic latitudes |b| > 20
• , was 1,235 deg −2 . This background value was determined, down to a limiting flux density of ∼0.22 mJy (W 3 ≈ 12.8). Because the addition of the photospheric flux from a star plus the flux from chance alignment with an extragalactic source could create a high enough S/N flux to mimic an actual point-source detection, we expect our limiting flux density to be lower than the value found by Yan et al. (2013) . Our sample includes objects with magnitudes up to W 3 = 12.727 (∼0.236 mJy), however, we estimate that an extragalactic source that could potentially contaminate our sample could reach a magnitude of W 3 ≈ 13 (∼0.183 mJy), which is the approximate WISE detection limit for our sources ( §4.5).
To estimate a new density of extragalactic sources down to W 3 = 13, we sampled the AllWISE source catalog at 1,000 randomly chosen locations in the sky. We focused on Galactic latitudes |b| ≥ 60
• , since we expect fields at high Galactic latitudes to have the highest ratio of extragalactic to Galactic sources. We selected all sources (making no cuts on source morphology) within a 180 ′′ radius of our randomly chosen sky position, and with S/N W 3 ≥ 3 and no contamination or confusion (cc flags = 0000). We repeated this process 15 times and found a source density of 976 ± 14 deg −2 , smaller than the value reported by Yan et al. (2013) , likely due to our higher Galactic latitude cut. 976 sources is potentially higher than the number of actual extragalactic sources since there are also stars in these fields. Considering this, we chose to be conservative and used the value of 976 sources as the number of contaminants we might find within a solid angle of 1 deg 2 centered about our candidate stars.
We simulated a circular patch of sky with r = 2,031 ′′ (corresponding to a solid angle of 1 deg 2 ) and populated it with 976 sources randomly distributed within this circular area. Assuming our candidate star was centered on the circular area, we used a circular aperture centered on our stars position (the center of the circular area) and proceeded to count the number of randomly placed sources within our aperture, using an aperture radius from 1 ′′ -10 ′′ , in steps of 1 ′′ . We repeated this process 10 6 times and computed probabilities assuming Poisson statistics for the uncertainties. These probabilities represent the likelihood of having an extragalactic source fall within some radius of our star, assuming extragalactic sources are randomly distributed on the sky. The results of our process are shown in Figure 12 , where our probabilities follow a squared power law as expected for circular apertures. Assuming the confusion limit (i.e., the limit at which two objects cannot be distinguished from one) for the W 3 beam is approximately half of the PSF FWHM (3.25 ′′ ), then we can estimate the probability for chance alignment with an extragalactic source is < 0.3%. This is a conservative estimate since a source at the confusion limit will appear significantly offset within the WISE images, and may also appear as an extended source. If we assume a more likely confusion limit is < 2 ′′ , this leads to a probability of chance alignment 0.09%.
For the computed probabilities to be meaningful, we assessed how many stars in the W11 catalog could have been observed if they had a similar IR excess to our disk candidates. We used a subsample of the W11 catalog that passed the selection criteria outlined in §2.1, not including the WISE S/N cuts. We required a magnitude limit to represent the minimal flux detectable by WISE at 12 µm; since WISE sensitivity is highly dependent upon sky position due to the depth of coverage, we used WISE 5σ sensitivity maps 21 to estimate the maximum detectable Vega magnitude for stars in the W11 catalog. Using the sensitivity maps, we estimated a detectable W 3 Vega magnitude of 13 ± 0.3. The sensitivity maps are based on a noise model, and their flux densities were found to be slightly lower than those produced by external checks, therefore, we used the 1σ limit for our flux density cutoff (i.e., W 3 = 12.7 or ∼0.24 mJy). For comparison, the minimum W 3 flux density in our sample was 0.272 mJy.
Since we did not have reliable W 3 values for the majority of the W11 catalog, we used this value to estimate a minimal detectable flux in another band for which we had information (i.e., ugrizJHK s ). We found that J-band magnitudes were good estimators for limiting fluxes due to the fact that the J-band is close to the peak of the SEDs for effective temperatures in the M-spectral type regime (2300-3800 K). We computed J-band magnitudes from synthetic photometry for the range T * = 2,300-3,800 K, solar metallicity, log(g) = 5, using stellar radius estimates from Reid & Hawley (2005) , at distances between d = 50-1,600 pc in steps of 10 pc, representative of the distances within our sample. To determine an appropriate expected IR excess level, we used the average excess within our sample, found to be ∼10 times the photospheric level, and used this value to compute synthetic W 3 magnitudes for each stellar model to find the corresponding J-band magnitude at the cutoff W 3 magnitude of 12.7. On average, a J-band magnitude of ∼17 corresponded to a W 3 magnitude of 12.7 for an excess 10 times the photospheric level. We implemented J ≤ 17 cutoff, and the resulting catalog contained 41,120 stars that could have been detected in W 3 with SNR ≥ 3 at the 5σ ′ level if they had an equivalent IR excess. Therefore, for the 41,120 stars that could have a de- Figure 12 . The probability of chance alignment with an extragalactic source as a function of distance. Plotted are the computed probabilities with errors, assuming Poisson statistics, from our Monte Carlo method (circles), and the best-fit squared power law for our probabilities (dotted line). The resolution limit for W 3 plotted (half of the FWHM, 3.25 ′′ ; dashed line). The approximate confusion limit is shown as the dash-dotted line (see text).
tectable excess, we expect 37 false positives (0.09% from above). We expect that our visual inspection should have removed many of these, and we will still retain a high number of true detections within our sample. At present, there are no known field M dwarfs ( 1 Gyr) with IR excess detections. Higher resolution observations with JWST in the future will make it possible to determine how many sources actually have IR interlopers. From our above results, we conclude that most of our observed excesses originate from the M dwarf source, rather than any contaminant.
RESULTS

Modeling the Dust Population
If we make the assumption that the excess flux is from a dust population radiating as a blackbody, we can examine the ratio of the dust and stellar luminosity. For our blackbody model fits, we attempted to fit all stars with S/N W 4 ≥ 2, excluding stars with WISE W 4 upper limits. We did not fit blackbodies to stars that had only 22 µm flux upper limits since blackbody fits using only 12 µm fluxes are extremely degenerate. We fit 17 of our candidate stars with a single temperature blackbody to model the observed IR excess. This was done using an iterative process where we fit blackbodies with temperatures from 50 to 1,000 K in steps of 5 K, that were added to the flux density from the stellar photosphere, and computed a χ 2 minimization using all photometric bands. We followed a similar process to that outlined in §3, except the newly computed blackbody flux density was normalized to the observed W 4 flux density rather than the K s -band. An example of a best-fit dust blackbody is shown in Figure 13 . Fractional luminosities, L dust /L * , can be estimated by taking a ratio of the integrated stellar flux and integrated thermal blackbody flux of the dust. This provides a lower limit to the flux produced by the dust population since there may be more FIR and submillimeter flux produced by colder dust grains. For sources with 12 µm excesses and 22 µm non-detections, we estimated the fractional IR excess with the assumption that F dust ≈ νF ν , after subtracting from F ν the expected stellar flux density contribution. For a thermal body peaking at this frequency, this approximation will typically be ∼74% of the integrated thermal emission. This can be shown in the following approximation:
where k is the Boltzmann constant, c is the speed of light, h is the Planck constant, and b (= 0.0036697 m·K) is the constant found from taking the derivative of λF λ and solving for the peak value.
In the MIR, we can estimate the fractional luminosity of the dust to the star using the relationship between flux and luminosity, and the fact that disk emission peaks while the stellar flux will be in the Rayleigh-Jeans limit in this wavelength regime. The flux ratio between the dust population and host star becomes:
The minimum fractional luminosity for our stars with only 12 µm excesses can be simplified assuming the peak emission is at 12 µm (corresponding to
Fractional luminosities are listed in Table 5 . We find that many of our stars exhibit large fractional luminosities (∼10 −2 -10 −1 ), approximately five orders of magnitude larger than estimates of the Kuiper belt's luminosity relative to the Sun (Beichman et al. 2005) . This is also larger than values typically associated with debris disks (L dust /L * ∼ 10 −3 ; Rebull et al. 2008) . Gautier et al. (2008) observed similar fractional luminosities for low-mass stars in η Chamaeleontis, a young (4-15 Myr; Mamajek et al. 2000; Luhman 2004; Lyo et al. 2004 ) stellar association. Fractional luminosities > 10 −2 have been observed around both classical T Tauri stars (CTTSs) and weak-line T Tauri stars (WTTS) (Padgett et al. 2006; Cieza et al. 2007 ), however, the majority of stars in our sample exhibit no Hα emission, and are therefore likely older than 1 Gyr. We will discuss the implications of this in §5.
We can further characterize the dust population if we assume it exists in radiative equilibrium with the host star. For a dust grain in radiative equilibrium with its host star, the distance from the host star is given by: (Jura et al. 1998; Chen et al. 2005) . Here T * and T gr are the stellar effective temperature and dust grain temperature, and R * is the stellar radius. For stars without 22 µm excesses we assumed T gr ≈ 306 K, the radiative temperature of a blackbody at 12 µm. The average distance was calculated to be ∼0.16 AU for the combined sample, within the snow line for planets around M dwarfs (∼0.3 AU; Ogihara & Ida 2009 ). Minimum distances are listed in Table 5 . Fractional IR luminosities can be used to estimate a dust mass if we make a few assumptions. First, we assume an average grain radius, a, and density, ρ s . For reasons we will discuss in §5, we assume the IR excesses we are viewing are due to planetary collisions rather than primordial dust content; then, using the results of Weinberger et al. (2011) , we assumed an average minimum grain size of a = 0.5 µm, noting that particles can have a > 10 µm. Grain size plays an important role in the observations, since larger grains, which radiate more efficiently, will show similar temperatures at closer orbital distances to smaller grains at larger orbital distances. Therefore, we used 0.5 µm as a lower limit similar to Weinberger et al. (2011) , noting that larger grains, which put dust populations closer to their host stars, do not change the results of our discussion ( §5). We assumed a typical grain density of ρ s = 2.5 g cm −3 (Pollack et al. 1994 ). If we assume the dust is in a thin shell, orbiting a distance D from the host star, with a particulate radius a and density ρ s , and a cross-section equal to the physical cross section of a spherical grain, we can define the dust mass as: (Chen et al. 2005) . Our computed dust masses are listed in Table 5 . A few of our stars have dust masses on the order of AU Mic's (10 −4 M moon ; Chen et al. 2005 ). However, a typical disk mass in our sample is comparable to, if not slightly larger than, those observed for debris disks (10 −5 M moon ). IR spectra of these systems will help to further characterize and constrain the crystallinity of the dust content, similar to the methods used in Weinberger et al. (2011) . In particular, IR spectra may be useful to distinguish dust produced from planetary collisions within the terrestrial zone versus primordial dust. This will be discussed further in §5.
Spectral Signatures of Youth
Low-mass stars not only have extremely long main sequence lifetimes, they have long pre-main sequence lifetimes, from 100s of Myrs to over a Gyr dependent on mass (Baraffe et al. 2002) . Disk lifetimes around lowmass stars are not well constrained; some theories predict that low-mass stars can retain their disks for periods much longer than that for solar-type stars (∼10 Myr; Plavchan et al. 2009 ). For comparison, the 12 Myr AU Mic (dM1e; Wilner et al. 2012) has shown excess at both 22 µm (A12) and 70 µm (Plavchan et al. 2009 ). Therefore, youth is important to quantify to help inform the timescale for disk dispersal.
Most of our disk candidates appear to be field stars, not affiliated with any known star-forming region or young stellar association. However, there remains the possibility that some of the stars in our sample are members of unknown young stellar associations or moving groups, or unidentified members of known associations. To test for youth within our sample, we looked at tracers of surface gravity, magnetic activity, and lithium absorption. Youth was quantified through an index for each tracer measured. These indices are listed in Table 6 .
Surface Gravity
Pre-main sequence stars that are still contracting onto the main sequence will exhibit weaker surface gravity relative to stars on the main sequence. Several atomic/molecular bands have been identified as reliable tracers of surface gravity. To estimate surface gravities for our sample, we analyzed the atomic alkali lines of Na i (8183 and 8195Å) and K i (7665 and 7699 A) identified in Slesnick et al. (2006) , and the CaH 3 molecular absorption band from Reid et al. (1995) . Other studies of nearby, young low-mass stars have used these same molecular features as proxies for youth (e.g., Shkolnik et al. 2009 Shkolnik et al. , 2011 Shkolnik et al. , 2012 Schlieder et al. 2012a) .
One caveat to using molecular bands as a diagnostic for surface gravity is their dependence on stellar metallicity. We can interpret the findings of Woolf & Wallerstein (2006) to surmise that higher metallicity will increase both the Na i and K i equivalent width (EW) measurements. Therefore, a star with low surface gravity and high metallicity may appear to have high surface gravity. Metallicities are difficult to measure for low-mass stars due to their large abundance of molecular features and incomplete line lists. Many studies attempted to find metallicity tracers using methods both photometric (Bonfils et al. 2005; Johnson & Apps 2009; Schlaufman & Laughlin 2010 ) and spectroscopic (Lépine et al. 2007; Terrien et al. 2012; Mann et al. 2013; Newton et al. 2014) . We employed the methods outlined in Mann et al. (2013) to determine metallicity using the SDSS spectra ( §4.4). We find that the majority of our stars appear to have solar metallicity, and should not affect our gravity sensitive spectroscopic features excessively. Considering this we used a comparative approach for estimating surface gravities.
The CaH 3 index was computed following the method outlined in Reid et al. (1995) . Line measurements were made by integrating over a specific width centered on each line, and subtracting off the mean flux calculated Reid et al. (1995) . d Youth index: Hα emission, low surface gravity in at least 2 of the 3 tracers ( §4.2.1), lithium absorption, and UV activity. Note.
-All of the wavelengths are given in vacuum units.
from two adjacent continuum regions; regions are listed in Table 7 . EWs were computed for each line by dividing the integrated line flux by the mean continuum value. Formal EW uncertainties for each line were also computed. We integrated the Na i doublet over a single region, and summed two separate regions for the K i doublet.
We expect the majority of stars in the W11 catalog to be older field dwarfs. Therefore, to determine low surface gravity members of our sample, we compared gravity tracers for our sample relative to the W11 catalog. We grouped stars by spectral type and determined quartiles for each gravity tracer and spectral type bin. We plot our surface gravity tracers in Figure 14 , compared to the W11 catalog. We expect low surface gravity members of the W11 catalog to appear as outliers in each gravity tracer within each spectral type bin. The majority of the stars in our sample fall within the intrinsic scatter of the W11 catalog (between the 1 st and 3 rd quartiles), indicating that we are observing an older stellar population rather than pre-main sequence stars. Each star that shows lower surface gravity relative to the W11 quartiles (i.e., below the 1 st quartile for Na i and K i, or in the 4 th quartile for CaH 3) in at least two of the three tracers has been marked in Table 6 . Overall, the combined sample does not appear to have significantly lower surface gravities over the W11 catalog, however, the Orion candidates either fall below or straddle the lower end of the W11 catalog quartiles for each surface gravity tracer, implying that it is likely a younger stellar population. For our sample we computed the percentages of stars with surface gravities lower than the W11 3 rd quartiles, and lower than the W11 medians, respectively; values are listed in Table 8 . The combined sample has only a small percentage of low-surface gravity stars (< 15%). The large percentage of stars with low-surface gravity towards Orion indicates that these stars are probably members of the star-forming region rather than field stars along the LOS. These stars will be discussed further in §4.6.
Lithium Absorption
Young pre-main sequence M dwarfs that are still contracting onto the main sequence rapidly destroy their natal lithium content as their interiors reach the required temperature (∼2.5 × 10 6 K). Once they have contracted onto the main sequence, an early-type M dwarf will deplete its lithium by a factor of 2 in less than 10 Myr, whereas a late-type M dwarf may show absorption at ∼100 Myr (Cargile et al. 2010 ). In addition, fully convective stars (M 0.35M ⊙ ; Chabrier & Baraffe 1997) that exhibit episodic accretion can increase the rate of lithium depletion by increasing central temperatures, with complete lithium depletion occurring between 10 to a few 100 Myr in models (Baraffe & Chabrier 2010) . Therefore, measuring the lithium feature (Li i 6708Å) provides a strong youth tracer.
Due to the low S/N around the Li i feature, and the strong TiO bands in close proximity, a direct measurement of this feature was not attempted. Instead, we decided to compare our spectra to the template spectra from Bochanski et al. (2007b) . Bochanski et al. (2007b) created template spectra through co-addition of ∼ 4,300 Figure 14 . Log(g) tracers for the combined sample (blue circles), the combined sample without the Orion candidates (gray squares), Orion candidates (red crosses), and the W11 catalog (black triangles). All data points represent the median value with error bars representing the 1 st and 3 rd quartiles for each spectral type, except for the Orion candidates which show actual measurements and uncertainties. As an ensemble, the combined sample does not appear to have characteristically lower surface gravities compared to the W11 catalog, however, the Orion candidate stars appear to have low-surface gravity relative to the W11 values (see Table 8 ).
high S/N SDSS spectra of field M dwarfs. These template spectra represent a statistically older population of M dwarfs, with little to no lithium absorption in their spectra. Comparing these template spectra to our sample SDSS spectra, we can identify significant lithium depletion in comparison to the template to identify stars that are younger than average field stars. To determine the significance of the absorption feature, we used a method similar to that in Cargile et al. (2010) , using a moving integrated residual. The moving integrated residuals were determined by integrating over the residuals from the template spectrum minus the SDSS spectrum in a moving 5Å window. This window was moved in steps of 2Å. Using the moving window, small differences between the template and source spectrum are averaged out, providing a better measure of the deviations between the two. Standard deviations are derived from the R.M.S. of the residual outside a 10Å window that is centered at 6708 A. For further details on this method see Cargile et al. (2010) . We applied the Cargile et al. (2010) method on every star in our sample and found four of the 175 had a detectable amount of lithium. The method can be seen in Figure 15 , where we display the four stars in our sample showing significant lithium absorption relative to the template spectra. These stars are marked in Table 6 and all four are found in the Orion footprint. Due to the assumed ages of field stars within the W11 catalog ( 1 Gyr), we would expect none of these stars to show detectable amounts of lithium if they are members of the field. Although we make no attempt to assign ages to these stars, it is probable that they are not members of the field and are younger stars associated with the Orion OB1 association.
Hα Emission
Over the past few decades, numerous studies have linked magnetic activity (traced through hydrogen emission) to stellar age (e.g., Wilson 1963; Skumanich 1972; Eggen 1990; Soderblom et al. 1991; Hawley et al. 1996 Hawley et al. , 2000 . W08 found that for M dwarfs with spectral types earlier than dM4, the average activity lifetime was less than 2.5 Gyrs, increasing to as long as 8 Gyrs for stars with spectral types later than dM4. Although the assumed primordial disk dispersal time is far shorter than the activity lifetime for any M dwarf (10s of Myrs versus Gyrs), Hα provides another diagnostic that we can use to differentiate a statistically younger population from an older one, particularly for stars with spectral types earlier than dM4. Hydrogen transitions have also been observed as a sign of accretion, with an increase in line width measurements over typical magnetically active stars (White & Basri 2003) .
Using the RVs computed in this study, we remeasured the hydrogen Balmer transitions following the methods outlined in W11 to analyze the magnetic activity within our sample. Stars were flagged as active (actha = 1) if they met the following criteria: the Hα equivalent width (EW) < 0.75Å, the S/N in the continuum was greater than three, the EW value was three times the uncertainty, and the height of the spectral line was larger than three times the noise in the continuum. The small size of our sample allows us to visually inspect each spectrum to make sure the activity flag corresponded to a real signal, and did not potentially miss stars that exhibited Hα emission. We found all stars flagged as active to show some amount of Hα emission visible in the SDSS spectrum, with none of the stars flagged as inactive showing emission. Hα EW measurements are listed and active candidates are marked in Table 6 .
To compare the level of activity in our sample to a relatively unbiased sample of field stars, we computed activity fractions (N active /N total ) for each spectral type bin and compared them to the W11 values. We define stars as active using the same criteria as W11. For the total number of stars, we only used stars that were defined as active or inactive (using the W11 criteria), omitting stars that did not have high enough S/N to categorize their activity status. Figure 16 shows the activity fractions for stellar samples from this study versus the W11 catalog. The number of stars that went into each bin are listed in Table 9 . Although our small sample size makes it difficult to draw strong conclusions, we can see that activity fractions are not significantly different between our sample and the W11 catalog. If we remove the Orion candidates from our combined sample, activity fractions drop for each spectral-type bin that contains Orion candidates. This suggests that the majority of "young" stars in our sample are the Orion candidates, giving additional weight to the possibility that those stars are indeed members of the Orion OB1 association. Considering the long activity lifetimes for low-mass stars, the majority of our combined sample do not show characteristics of a young stellar population (< 100 Myr). If our stellar sample is older than ∼1 Gyr, this suggests that either the IR excesses we observe do not result from primordial cir- Active Fraction Figure 16 . Activity fractions for stars from the combined sample (circles), the combined sample without the Orion candidates (squares), and the W11 catalog (triangles). The error bars represent binomial distribution errors. Without the Orion candidates, the combined sample typically has lower activity fractions than the W11 catalog, implying the Orion candidates are mostly younger, active stars. As an ensemble, we do not see significantly different activity fractions between the W11 catalog and our combined sample.
cumstellar material, or that the disk dispersal time for low-mass stars can last for much longer than current theories and empirical data predict (10s of Myrs). Further discussion of interpretations for these IR excesses will ensue in §5.
Ultraviolet Flux
Heating of the chromosphere also produces ultraviolet (UV) emission through a number of transitions (Linsky et al. 2001; Findeisen & Hillenbrand 2010) , which provides another tracer for stellar activity, and hence youth. Included in the UV emission spectrum are the Mg ii resonance lines, a host of Fe ii lines, and other species including: Lyα, C ii, Al ii, C iii, Si iii, Si iv, and He ii (Walkowicz et al. 2008; France et al. 2012) . Shkolnik et al. (2011) determined criteria to separate older populations from young populations of M dwarfs using the Galaxy Evolution Explorer (GALEX ; Martin et al. 2005 ) near ultra-violet (NUV, 1750-2750 A) and far ultra-violet (FUV, 1350-1750Å) fluxes.
Using a cross-matched catalog between GALEX Data Release 6 sources and the W11 catalog (Jones & West 2014 , in preparation), we found five matches to our sample that had flux measurements in the NUV, FUV, or both. The fraction of our sample (2.9%) matched to GALEX sources that had either an NUV or FUV detection is comparable to the fraction of sources Jones & West (2014, in preparation) were able to match to the entire W11 catalog (1.4%). Due to the distances to stars in the W11 catalog (d 100 pc), UV emission from inactive M dwarfs should be undetectable (Jones & West 2014, in preparation) . None of the matched GALEX objects were associated with any of our Orion stars.
To determine M dwarfs showing significant UV flux as a tracer for stellar activity, Shkolnik et al. (2011) compared GALEX fluxes to 2MASS J-band fluxes to separate young, active stars from quiescent, older stars and white dwarf/M dwarf close binaries. One of the stars in our combined sample had both NUV and FUV fluxes, and significant fractional UV fluxes (F NUV /F J ≈ F FUV /F J > 10 −4 ), and is flagged in Table 3 . All five stars that showed NUV flux, independent of whether they had a FUV detection, show significant NUV excess (F NUV /F J 10 −4 ). We would expect stars showing strong UV flux to exhibit other chromospheric heating signs, however, only one of the five stars exhibit Hα emission or any other youth tracer. Shkolnik et al. (2011) estimate the probability of flaring M dwarfs contributing to GALEX source counts to be < 3%, therefore, although unlikely, it is possible GALEX observed these stars during flare activity.
Kinematics
Stellar kinematics can provide additional insight into the age of a stellar population. To closely examine the kinematics of our stars, we used the USNO-B/SDSS proper motions (Munn et al. 2004 (Munn et al. , 2008 , radial velocities computed in this study, and photometric parallax distances to compute U V W space motions. U V W velocities are in a right-handed Cartesian coordinate system, representing motion towards the Galactic center, motion in the direction of the Sun's motion, and motion northwards away from the Galactic plane, respectively. For stars at appreciable distances, U V W velocities may not be appropriate tracers of Galactic motion, however, the vast majority of our stars are within the distance limits used by other studies of stellar kinematics (d < 1,600 pc, |Z| < 1,000 pc; Bochanski et al. 2007a) . Younger stars will typically have small U V W motions with respect to the local standard of rest (LSR), with older stellar populations lagging the LSR along the direction of galactic rotation (V component), a phenomenon known as "asymmetric drift" (Strömberg 1922 (Strömberg , 1925 .
U V W velocities and uncertainties were computed following the method of Johnson & Soderblom (1987) by way of a Python version of the IDL procedure gal uvw.pro. These values were then corrected for the solar motion (U = 11.1 km s −1 , V = 12.24 km s −1 , W = 7.25 km s −1 ; Schönrich et al. 2010 ) with respect to the LSR. The kinematics of our samples are shown in Figure 17 . As an ensemble, our stars appear to have kinematics typical of the disk population (Leggett 1992) . The Orion candidates appear to be distributed about the origin of velocity space, indicating a younger stellar population. There also appears to be five stars with velocities on the order of, or larger than, the escape velocity of the Galaxy (∼400-500 km s −1 ; Piffl et al. 2014 ). Older stellar populations will have been dynamically heated over time, causing a larger velocity dispersion as a population. As is shown in Figure 17 , our Orion candidates have narrow U V W velocity distributions compared to our combined sample, indicating a younger, less dynamically heated stellar population. We can also see the skew of the V distribution for our combined sample to more negative values, indicative of asymmetric drift. There are a few outliers in our Orion velocity distributions, most likely due to field stars along our line of sight. We do not perform an in-depth investigation on the candidacy of these stars here, although one is warranted. The computed average and dispersion of the U V W components for our combined sample without the Orion candidates, as listed in Table 10 , are similar to other studies of late-type stars (Fuchs et al. 2009 ). We acknowledge that there is a selection bias due to the fact that we cannot probe the motions of stars in the distant Galaxy, where stellar motions are different due to the age of those stellar populations, however, this should not significantly affect our analysis of the Orion candidates.
Five of our stars showed high velocity kinematics, usually associated with "hypervelocity" or runaway stars. The largest component of motion for these stars is tangential to our line of sight, therefore, we needed to make sure our proper motions were reliable. All five high proper motion stars passed the quality cuts defined in Kilic et al. (2006, sigRA < 525, sigDEC < 525) , which were an extension of the cuts defined by Munn et al. (2004) . They were also found in multiple proper motion catalogs, and values are listed in Table 11 . These stars may be a population of runaway stars, representing some of the first sub-solar hypervelocity stars found to date (Palladino et al. 2014 ). An in-depth study of these stars is beyond the scope of this work, however, a number of these stars will be discussed further in the kinematical study of high-velocity M dwarfs by Favia & West (2014, in preparation) . We will discuss scenarios that could explain an IR excess for a star moving with a high velocity relative to the ISM in §5. USNO-B/SDSS proper motions and our derived kinematics for all our stars are available in the online catalog. There is evidence that metallicity plays a vital role in the formation of stars and planets. Metallicity has been shown to correlate with the rate of giant planet occurrence (Gonzalez 1997; Fischer & Valenti 2005; Johnson et al. 2010; Mann et al. 2012) . Studies of nearby clusters have shown that metal rich environments may allow primordial circumstellar disks to persist on longer timescales (Yasui et al. 2009 (Yasui et al. , 2010 . Additionally, accretion of planetary bodies may increase the metallicity of the host star (e.g., Farihi et al. 2009 ). Therefore, a detailed understanding of how metallicity affects disk evolution is crucial to understanding stellar and planetary system formation and evolution.
Metallicity
It is challenging to measure the metal content of M dwarfs due to their large abundance of molecular features, many of which have incomplete line lists. Previous studies have attempted to find metallicity tracers using both photometric (Bonfils et al. 2005; Johnson & Apps 2009; Schlaufman & Laughlin 2010) , and spectroscopic methods (Lépine et al. 2007;  Dhital et al. 2012; Mann et al. 2012; Önehag et al. 2012; Rojas-Ayala et al. 2012; Terrien et al. 2012; Newton et al. 2014) . Recently, Mann et al. (2013) completed an investigation of metallicity sensitive tracers in the optical and NIR spectra of late K and M dwarf companions to higher mass stars. The Mann et al. (2013) metallicity solutions are comprised of a set of equations based on equivalent widths and color indices. A number of metal sensitive features were found, including Na i (doublets at 8200Å and 2.208 µm), Ca i (1.616 µm and 1.621 µm), and K i (1.5176 µm), many of which were previously known to be metal sensitive.
To study the metallicity of our sample, we used the SDSS spectra to compute equivalent widths and color indices in line with the methods defined in Mann et al. (2013) . To balance quality measurements with a statistically significant sample size, we used only stars with σ [Fe/H] < 0.5 for our analysis, however, cutting on lower or higher values of σ [Fe/H] , or removing the Orion candidates, did not significantly change our results. We find our sample to be distributed about solar metallicity, with a median value of [Fe/H] ≈ −0.03±0.28, as shown in Figure 18 . This is similar to values computed for the W11 catalog ([Fe/H] ≈ −0.02 ± 0.10) using the same quality cut of σ [Fe/H] < 0.5. For the scenario of tidal disruption and accretion of minor planets, we might expect our stars to be preferentially metal rich due to accretion, similar to results observed for white dwarfs with IR excesses (Jura 2003 (Jura , 2008 Farihi et al. 2009 ). However, for our stars we do not see a trend of high metallicity, making the tidal disruption and accretion scenario unlikely. Our stars do not have a significantly different metallicity distribution from the W11 catalog (as inferred by a K-S test; p-value = 0.57), therefore, we can draw no obvious conclusions about the metal content affecting, or being affected by, the mechanism for the observed IR excesses.
Disk Fractions
Our combined sample is large enough to study the nature of the excess IR flux in a Galactic context. Young star forming Hii regions are found most prominently in spiral arms, close to the Galactic plane. For example, Lee & Lim (2008) found that ∼90% of embedded clus- Normalized Number Figure 18 . The normalized distribution of [Fe/H] measurements. We show stars from our combined sample (dark gray line) and the W11 catalog (light grey line) with σ [Fe/H] < 0.5. Measurements were made using the method described in Mann et al. (2013) . Only stars with a SpT < dM7 were used. The median for the our sample is shown ([Fe/H] ≈ −0.03 ± 0.28; dotted line). Our disk candidates appear to be distributed fairly evenly about solar metallicity, and appear to have a similar distribution to that of the W11 catalog. Dust caused from accretion of minor planets has been shown to increase the metal content of white dwarfs, however, no similar trend is seen here.
ters are found within ∼160 pc of the Galactic plane. Therefore, we should expect young populations of stars to appear close to the Galactic plane with the number dropping off with vertical Galactic height. This "Galactic stratigraphy" was used in W08, using magnetic activity as a proxy for youth. W08 found that the fraction of active M dwarfs declined with Galactic height, with different slopes for different spectral types, most likely due to the correlation between activity lifetime and spectral type. To test for a similar trend in our data, we performed a "Galactic stratigraphy" analysis to investigate any age dependence for the observed IR excesses. Using our catalog of 41,120 stars for which we could have observed an IR excess ( §3.2.2), we computed the fraction of stars with disks as a function of Galactic height. Figure 19 shows the fraction of disks (using W 3 excess as a proxy), as a function of distance from the Galactic plane. Once the Orion candidates are removed, There is a slight declining trend seen at ∼700 pc, however, we do not see a strong height/age dependence.
we see a fairly constant fraction until a distance of ∼700 pc, at which point we see a slight decline. Separating stars by spectral type does not change this result. As each Galactic height bin represents an ensemble of young and old stars, with younger stars more preferentially found closer to the plane, we surmise that the mechanism creating our observed dust populations happens randomly throughout low-mass stellar populations. We will explore possible mechanisms to create dust around old field stars in §5.
4.6. Orion OB1 Candidate Stars Although the Orion complex and regions within the complex have been extensively researched (see Bally 2008 , and references therein), we found seven stars that have not been previously linked to the region. All seven candidates are found within a few degrees of Orion's Belt, a neighborhood with many young star-forming regions. Specifically, these stars are possible members of the Orion OB1 association. The positions of our Orion stars are shown in Figure 20 . Three of our stars fell into the Orion footprint investigated by Caballero & Solano (2008) , but were not included in their sample, possibly due to their color selection criteria or depth of coverage. The majority of our Orion candidates have photometric distances between 100-340 pc, which distributes them approximately within the extent of the OB1 association (d ∼ 100-400 pc; Caballero et al. 2007 ). One of our Orion candidates may be foreground or background star, based on its kinematics ( §4.3). Basic information for the Orion candidates is listed in Table 12 . Some of our Orion candidates showed a number of forbidden emission lines (e.g., [O i]), giving further evidence for their youth. One such star will be discussed below.
Candidate 41
One of our candidates showed up as an outlier in our SED fits (see Fig. 7 ). The SED fit for this star suffered from large uncertainties in both the radius and luminosity estimate, although the temperature fit was within the spread of its spectral type (2900 (Appenzeller et al. 1984) . Comparing the candidate spectrum to a template spectrum from Bochanski et al. (2007b) shows veiling of the photosphere; whereby additional flux, typically from accretion, weakens spectral features.
This star is also one of our Orion OB1 candidates. The Orion OB1 association is assumed to have an age between ∼8-10 Myr (Briceño et al. 2007 ). If we assume a temperature of 3,000 K for this star, using the isochrones from Baraffe et al. (1998 Baraffe et al. ( , 2002 this star will have a radius of ∼0.8R ⊙ , the assumed radius from our parameter fits ( §3), at an age of ∼1-2 Myr. Even though there appears to be an age discrepancy, with the large uncertainties on the effective temperature and radius of this star, we cannot confidently estimate an age using isochrones. Candidate 41 is prime for follow-up observations to more accurately characterize its properties.
DISCUSSION
We identified 175 M dwarfs with IR excess at 12 and/or 22 µm, a typical signature of warm circumstellar material. From our youth analysis, we found that only ∼3% show reliable youth diagnostics, and we conclude that the majority of stars in our sample have ages 1 Gyr; far older than the disk dispersal time for solar-type stars (10s of Myr; Williams & Cieza 2011) . This places the majority of our sample within the older field population. Unfortunately, without strict constraints on age we are not able to inform the timescale for disk dispersal in lowmass stars under the assumption we are observing primordial dust. Candidates in close proximity of the Orion OB1 association were more likely to show signs of lithium absorption, making them potentially younger than the rest of our sample ( 100 Myr). Due to their potential youth, these stars may still retain their primordial dust content. For the remaining stars, we examine possible scenarios to explain the appearance of warm dust.
The minimum distances of the dust populations, typically found within the snow line of M dwarfs, and the high fractional luminosities imply that we may be viewing dust created by planetary impacts within the terrestrial zone, similar to conclusions drawn by Weinberger et al. (2011) . BD +20 307 is a spectroscopic binary composed of two F-type stars and is estimated to be older than 1 Gyr, with a large fractional IR luminosity (L dust /L * ≈ 0.032; Weinberger et al. 2011) . Using a measured Spitzer spectrum, Weinberger et al. (2011) deduced that the most likely cause for a high fractional IR luminosity, and the crystallinity of their best-fit dust model, was a single giant impact of planetary bodies (specific incident kinetic energy of the two impacting objects 10 5 J km −1 ). A similar scenario has been used to explain IR excesses observed around older ( 1 Gyr) FGK stars (Rhee et al. 2008; Moór et al. 2009; Fujiwara et al. 2010; Melis et al. 2010b; Weinberger et al. 2011 argue that a fifth terrestrial planet within a planetary system such as our own could remain stable for up to a Gyr. Simulations show that the planet's orbit could have taken it across the asteroid belt, perturbing asteroids into unstable orbits, increasing the impact rate of asteroids within the inner solar system, all prior to re- moval from our system (Chambers 2007 ). This planet is also able to create collisions between terrestrial planets prior to leaving the system. This "Planet V" scenario has been used as a possible explanation for the late heavy bombardment period within our Solar system (Chambers 2007) . Using numeric simulations Laskar & Gastineau (2009) showed that over the course of a few Gyr, our own planetary system may become unstable and result in collisions of terrestrial planets, making this a possible scenario for terrestrial systems around M dwarfs. In a NIR interferometric study of solar-type and higher-mass stars with debris disks undertaken by Absil et al. (2013) , it was argued that collisions between large planetismals could create a significant, observable amount of dust. However, they deemed this an unlikely scenario for stars 1 Gyr since these types of collisions are expected to happen during the final stages of planet formation ( a few 100s of Myr; Chambers 2004 Weinberger et al. (2011) estimate that the giant impact rate for solar-type stars is 0.2 impacts per star during its main sequence lifetime. Following a similar argument, we can estimate the number of giant impacts for M dwarfs. The number of giant impacts per star can be estimated as N g = f * AL −1 , where f * is the fraction of stars observed to have warm dust, L is the lifetime of the collision products, and A is the age of the stars surveyed. Assuming the total number of stars we could have observed with similar fractional IR luminosities within the W11 catalog to be stars with J ≤ 17, we are left with 41,120 stars after our cuts (see §4.5 for details). We observed 168 stars with warm dust populations that do not appear to be primordial in nature (we have omitted the Orion candidates), giving us a fraction of f * ≈ 4.1 × 10 −3 . Weinberger et al. (2011) used 100,000 years for L. This value was originally calculated by Melis et al. (2010b) for a collisional cascade started by planetary embryos with radii of ∼100 m, but was found to be similar to the 80,000 years found by Weinberger et al. (2011) for a collisional cascade started from a planet-sized impact.
To estimate an average age for our observed stars, we used the activity lifetimes (i.e., the timescale during which Hα should be observable in the stellar spectrum due to magnetic activity) results of West et al. (2008) . For the 41,120 stars within the W11 catalog that made our cuts, we took the total number of inactive stars within a spectral type bin and multiplied those stars by the average activity lifetime for that spectral type bin from West et al. (2008) . We did the same for active stars, assuming an age of half the activity lifetime for each spectral type bin. We then took the average age across the 41,120 stars, giving us an estimated average age of A ≈ 2.6 Gyrs. We use 2.6 Gyrs as a lower limit on the age, as many of these fields stars are likely older than 5 Gyrs, which will only increase our collision estimate. Using our estimated quantities, we find the rate at which such planetary collisions occur around M dwarfs should be 100 impacts per star over its current age; three orders of magnitude larger than the number of impacts found by Weinberger et al. (2011) for A-through G-type stars.
A high rate of giant impacts within the terrestrial planet zone for low-mass stars has repercussions for close-in planetary systems. The high occurrence rate of terrestrial planets orbiting low-mass stars (Dressing & Charbonneau 2013; Kopparapu 2013 ) not only supports the possibility of this scenario, it also implies that a high rate of planetary collisions could significantly alter the habitability of such systems. Nbody simulations for planet formation around low-mass stars also indicate that giant impacts could be quite common for these planetary systems (Ogihara & Ida 2009 ). Future simulations should attempt to constrain the timescale and frequency for such impacts to occur, and the likelihood of observing such impacts within our Galaxy. Due to the assumed ages of our stars, we find giant impacts within the terrestrial zone to be the most plausible explanation for our observed IR excesses.
To investigate whether our observed IR excesses could be due to primordial dust requires an evolutionary study of the fraction of M dwarfs with IR excesses at different stellar ages. Unfortunately, detection limits and small sample sizes have hindered a thorough statistical analysis for disk lifetimes. We expect low-mass stars older than a few 10s of Myr to harbor cold disk populations (T dust < 100 K), rather than the warm disks in our study. The lack of cold dust populations found around M dwarfs in contrast to debris disks found around similar age, higher-mass stars indicates that primordial warm dust should not be found around low-mass stars 1 Gyr. However, this conclusion may be biased due to observational limits in detecting cold dust around low-mass stars. Future studies of Spitzer and Herschel data may further constrain the timescale for disk dispersal around M dwarfs.
If we consider the possibility that we are observing primordial dust, we can explore kinematic arguments. The primary dispersal mechanism for low-mass stars is thought to be stellar wind drag (Plavchan et al. 2005 (Plavchan et al. , 2009 , whereby the collisionally processed grains are removed by the proton wind rather than radiation pressure. If disk kinematics are able to overcome gravitational instabilities and stellar wind drag, a star may be able to retain its primordial dust content. Studies investigating planet masses around low-mass stars indicate that there is a paucity of Jupiter-versus sub-Neptune-sized planets (Howard et al. 2012 ). These findings have been attributed to low disk masses from which to build planets (Laughlin et al. 2004; Kennedy & Kenyon 2008) . If there is a small enough reservoir of dust, a scenario in which the collision rate within low mass disks continues to reprocess the dust while inhibiting planet formation is a possibility for low-mass stars. Studies investi-gating asteroids as failed planets within our Solar System lend support to this argument (Coradini et al. 2011; Sierks et al. 2011; Russell et al. 2012) . The likelihood of this scenario would need to be studied through dynamical simulations to explore its plausibility.
For dust that is not primordial, we may be able to explain warm dust around older stellar populations through tidal disruption of planetary bodies. This is a phenomenon that has been observed around white dwarfs (WDs; e.g., Jura 2003 Jura , 2008 Farihi et al. 2009 ). Through accretion of planetary bodies, these WDs show spectral signs of heavy elements in absorption (Holberg et al. 1997 ). In the case of WDs, shedding of the outer layers during the transition from giant to dwarf is potentially responsible for perturbing the orbits of minor planetary bodies. No such mechanism exists for low-mass stars that have not evolved off the main sequence, making this scenario unlikely for our sample. Our estimated minimum orbital distances for our dust populations are also greater than the estimated Roche-limit for M dwarfs ( 0.01 AU), likely ruling out this scenario. Likewise, we can discount that our observed excesses are due to collisions fed by an asteroid belt, as dynamical models estimate much lower fractional IR luminosities than those observed (Wyatt et al. 2007) .
Another possible disruption scenario involves the inherently chaotic nature of planetary orbits (Murray & Holman 1999) . For close-in giant planets with unstable orbits that degrade to come within the corotation radius of their host star, it is expected that they would lose angular momentum quickly to the host star through tidal interactions. This would result in tidal disruption once the planet comes within the host star's Roche limit (Schlaufman & Winn 2013) . As the material is accreted onto the host star the dust would heat up and appear as an IR excess. The dynamical arguments of Schlaufman & Winn (2013) did not include low-mass stars or Earth-sized planets, however, if we assume their arguments scale to lower-masses we find that the corotation radius for a 0.5M ⊙ star is 0.1 AU. Mass scaling relations for the core accretion process responsible for forming giant planets, estimate the distance of the snow-line for low-mass stars during the time of giant planet formation is > 1 AU (Laughlin et al. 2004; Adams et al. 2005; Ida & Lin 2005; Kennedy & Kenyon 2008) . Due to the relative paucity of Jupiter-sized planets around low-mass stars (Johnson et al. 2007 ), we find it unlikely that such a migration scenario occurs at high frequency. A study investigating the likelihood of this scenario for Earth-sized planets around low-mass stars should be undertaken in the future.
To provide a separate explanation for IR excesses observed for our high-velocity stars, we consider ζ Oph, a high-mass, runaway star with a shock clearly visible in the WISE image archives. This star shows significant IR flux in the form of thermal emission from the bowshock of its astrosphere. Crude estimates using aperture photometry on the WISE images give a flux ratio of F star+bowshock /F star > 10 for both the W 3 and W 4 bands. This phenomenon has been observed around a number of runaway massive stars (Peri et al. 2012 ), but requires further investigation to determine if it is a viable scenario for high-velocity, low-mass stars.
SUMMARY
Using the West et al. (2011) SDSS catalog of 70,841 spectroscopically classified M dwarfs, we searched for IR excesses as signatures of warm circumstellar disks using WISE data. Applying a number of selection criteria, including our own SDSS/WISE color-color selection criteria using r − z color as a temperature proxy, we discovered 175 stars with significant excess flux at 12 and/or 22 µm, most probably due to circumstellar material. We explored the possibility that any of our excesses could be due to an ultracool companion and found that none of our candidates exhibited flux levels representative of an ultracool companion at ≥ 3σ level. Using statistical arguments, we concluded that our observed IR excesses arising from chance alignment with extragalactic sources or Galactic cirrus contamination were unlikely.
Fitting our observational data to SEDs, we modeled both the stellar and dust components of our fits. We find that our fractional IR luminosities, L dust /L * , are high (> 10 −3 ). These values are similar to those found around higher-mass stars showing IR excesses at ages 1 Gyr . Dust equilibrium models put our disks typically within a few tenths of an AU to their host star, and possibly closer depending upon the parameters chosen. None of our dust populations have a minimum orbital distance < 0.01 AU, the approximate Roche limit for low-mass stars, indicating that tidal disruption of planetary bodies is not a likely cause of the observed IR excess. Our estimated dust masses are slightly smaller than masses found in debris disks around highermass stars (∼10 −3 -10 −4 M moon ; Chen et al. 2005) , and can be attributed to lower-mass disks around lower-mass stars.
We tested our sample for youth by observing lithium absorption, measuring surface gravity tracers (CaH 3, K i, and Na i) and magnetic activity tracers (Hα, UV flux). Only a fraction of the stars in our sample (∼3%) show multiple signs of youth, and we conclude that the majority of our stars are field dwarfs older than a Gyr. Seven of our candidate stars lie in the footprint of the Orion OB1 association. Most of the Orion candidate stars are magnetically active (∼86%), show low surface gravity relative to the W11 catalog of M dwarfs, or show lithium absorption, and in some cases a combination of several youth tracers. Stars showing lithium absorption likely indicate an age 100 Myr. Although previously unidentified, most of these stars are likely members of the OB1 association.
An analysis of U V W space motions uncovered the Orion sample to be a kinematically younger population of stars relative to our entire sample. The remainder of our candidates exhibited kinematics similar to typical disk populations, with a few high-velocity exceptions. Five stars exhibited total velocities greater than 400 km s −1 relative to the local standard of rest. Neither the dynamical origin of these stars, nor the mechanism to propel them to such high-velocities are known. It is possible that if these stars are moving supersonically through dense regions of the ISM, that a significant bowshock could produce high levels of IR flux, supplanting the need for a circumstellar disk to explain an IR excess.
To further investigate the timescale of this phenomenon, we employed the use of "Galactic Stratigra-phy," using 12 µm excess as a disk (and hence age) proxy. We find that the disk fraction for stars as a function of vertical height from the Galactic plane remains fairly constant out to a height of ∼700 pc at which point the fraction begins to drop off. We do not see a significant difference for early versus late spectral types. This likely implies there is no strong age dependence of the mechanism responsible for this phenomenon.
The estimated ages of our stars ( 1 Gyr) imply that we are not observing primordial dust content. Instead, we find the most likely explanation for our IR excesses is giant impacts of terrestrial planetary bodies. This hypothesis is supported by observations of similar highfractional IR luminosity around Solar-type stars with ages 1 Gyr . Also, the lack of observed disks around low-mass stars with ages greater than a few 10s of Myr suggests that warm primordial dust content does not persist around low-mass stars for longer than 1 Gyr. The estimated number of giant impacts per low-mass star over its main sequence lifetime, N g 100, indicates that such occurrences may be relatively common around low-mass stars. By enlarging our sample size with photometric M dwarfs from the latest SDSS data release (DR10; Ahn et al. 2014) , we should identify thousands more such excesses around field M dwarfs. These stars will also prove important targets for the Atacama Large Millimeter Array (ALMA) and future IR missions such as the James Webb Space Telescope and the Space Infrared Telescope for Cosmology and Astrophysics.
